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Experiments were conducted to evaluate the management of thrips (Thysanoptera:
Thripidae) in peanut and cotton and the interaction between thrips and tarnished plant
bug, Lygus lineolaris (Palisot de Beauvois), in cotton. Although management of thrips
with foliar insecticides historically has not been recommended in peanut, the current
study observed significant yield benefits from the management of thrips with foliar
insecticides. This was especially evident when peanut plants were stressed from herbicide
injury. In another experiment, significant differences were observed among cotton
varieties in terms of their susceptibility to thrips injury. Finally, an interaction between
thrips injury and tarnished plant bug injury in cotton was not observed in these studies.
However, both thrips and tarnished plant bug caused significant yield losses in cotton.
Results from these experiments will be important for improving current integrated pest
management programs in both cotton and peanut.
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CHAPTER I
INTRODUCTION
Peanut
Peanut, Arachis hypogaea L., production in Mississippi has increased in recent
years. This is partly due to lower commodity prices of other crops, but peanut also
provides a good rotation partner with other crops grown in Mississippi. In 2016, 15,782
hectares of peanut were planted in Mississippi (USDA NASS. 2016). Of those 15,782
hectares, 15,378 were harvested and sold at an average price of $0.401 per kilogram
(USDA NASS. 2016). A total of 70,670,000 kilograms of peanut were produced in
Mississippi with 4,597 kilograms per hectare being the state average yield (USDA NASS.
2016). Peanut production for Mississippi in 2016, was valued at $26,486,000 (USDA
NASS. 2016).
Peanut growth stages are based on visually observable vegetative (V) and
reproductive (R) events (Boote 1982). The V and R growth stages for peanut were
patterned after the stages developed for soybean (Fehr et al. 1971; Fehr and Caviness
1977; Boote 1982). In peanut, vegetative and reproductive growth occurs simultaneously
due to their indeterminate growth habit (Boote and Ketring 1990). Peanut growth stage
descriptions for peanut range from VE to R9 with the R stages being based on pod and
seed development (Boote 1982). VE is defined by the cotyledons being near the soil
surface with some part of the plant visible in half of the seedlings (Boote 1982). The V1
1

stage is defined as one developed node with one trifoliate leaf unfolded and its leaflets
flat (Boote 1982). Subsequent vegetative stages are denoted as VN where N represents
the number of developed nodes on the main axis of the plant. Each vegetative stage is
determined by counting nodes from the bottom of the plant to the uppermost node with a
completely unfolded tetrafoliate (Boote 1982). Reproductive growth stage is based on
visually observable events related to flowering, pegging, fruit growth, and seed growth
and maturity (Boote 1982). The R2 stage, or beginning peg, is defined as the stage when
50% of the plants have at least one elongated peg without reference to soil penetration
(Boote 1982). The R3 stage, beginning pod, is the stage when 50% of the plants have an
elongated peg with the ovary tip beginning to swell to at least twice the diameter of the
peg (Boote 1982). The R5 stage is known as beginning seed. It is defined as when 50% of
the plants have at least one fruit where the cotyledons are sufficiently grown that the
cotyledon sections are visible when the fruit is cut in a cross section (Boote 1982). The
R7 stage, beginning maturity, occurs when 50% of the plants have at least one pod that
has exhibited inner pericarp coloration (Boote 1982). The R8 stage is defined as harvest
maturity, and varies with cultivar and location (Boote 1982). While technically the R9
growth stage is not a true growth stage, it is described when pods are overmature. This
stage shows producers the consequences of overmature pods or deteriorating pegs (Boote
1982).
Insect pests of peanut include both soil insects and foliage feeding insects. Some
of the soil insects include lesser cornstalk borer, Elasmopalpus lignosellus (Zeller)
(Leuck 1966; Lynch 1984; Mack et al. 1988; Mack et al. 1991), southern corn rootworm,
Diabrotica undecimpunctata howardi (Barber) (Brandenburg 1990; Brandenburg and
2

Herbert 1991), and white grubs, Phyllophaga spp. (Liu et al. 2003; Guo et al. 2013).
Foliage feeding insects include threecornered alfalfa hopper, Spissistilus festinus (Say)
(Brown et al. 2000, Brown et al. 2001; Andersen et al. 2002; Rahman et al. 2007),
various caterpillar species, and thrips, Frankliniella spp.
Cotton
Cotton, Gossypium hirsutum L., is an important crop of Mississippi’s agricultural
landscape. It has an inherent perennial growth habit, but it is managed as an annual crop
for maximum lint and seed yield (Ritchie et al. 2004). Once a state that produced almost
only cotton, with the highest planted acreage recorded at 1.68 million hectares in 1930,
the area planted to cotton has decreased tremendously (MSU Extension n.d.) In 2016,
approximately 174,000 hectares of cotton were planted (USDA NASS. 2016). A decrease
in the land area of Mississippi planted to cotton can be attributed to multiple factors
including higher input costs, low cotton prices, and insect problems.
The boll weevil, Anthonomus grandis grandis (Boheman), once was the primary
pest of cotton, but after eradication of this pest, the tarnished plant bug, Lygus lineolaris
(Palisot de Beauvois), has taken its place. This pest along, with tobacco thrips,
Frankliniella fusca (Hinds), twospotted spider mite, Tetranychus urticae (Koch), cotton
aphid, Aphis gossypii (Glover), tobacco budworm, (Heliothis virescens (Fabricius), and
bollworm, Helicoverpa zea (Boddie), are all pests of cotton in Mississippi.
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Tobacco Thrips
Biology and Ecology
Tobacco thrips is a foliage feeding insect that can damage seedling stages of both
peanut and cotton. Thrips are small, slender insects with two pairs of wings in the adult
stage (Lewis 1973; Riley et al. 2011). However, tobacco thrips adults can have a reduced
wing form and also a winged form in the adult stage (Lewis 1973; Oetting et al. 1993;
Riley et al. 2011). Thrips are considered to be “fringe-wing” insects because of their
long, narrow wings with a fringe of long hairs on the front and hind wings (Riley et al.
2011). The mouth cone of thrips is asymmetrical and oriented posteriorly on the lower
side of the head (Lewis 1973; Heming 1993; Riley et al. 2011). Both immature and adult
stages of thrips cause similar damage to plants. They feed with their piercing and rasping
sucking mouthparts and consume plant sap (Lewis 1973; Heming 1993; Riley et al.
2011). This feeding results in silvering and curling of the leaves, and eventually necrosis
of plant tissue (Riley et al. 2011).
Feeding and Damage to Peanut
Tobacco thrips is an important pest of peanut during the seedling stage. They feed
in flowers and on open leaves throughout all growing season, however the majority of the
visible damage occurs from injury to developing leaflets in the foliar buds (Poos 1945;
Kinzer et al. 1973). In Mississippi, there is no set number of insects per plant for a
treatment threshold. However, it is recommended to consider treating when visual injury
appears to be limiting plant development (Catchot et al. 2017). Tobacco thrips can also
vector Tomato Spotted Wilt Virus (TSWV) in non-resistant varieties of peanut. Adult
thrips transmit TSWV, but the virus can only be acquired during their larval stages (Bald
4

and Samuel 1931; Chamberlin et al. 1993). Once thrips have acquired TSWV, they can
continue to transmit it while feeding for the duration of their lives (Ullman et al. 1993;
Wijkamp et al. 1993; Peters et al. 1996; Herbert et al. 2007). Historically, TSWV was one
of the most devastating pathogens of peanut (Herbert et al. 2007). It can reduce plant
vigor, kernel size and weight, kernel oil content, and overall yield (Culbreath et al. 1992;
Herbert et al. 2007).
Feeding and Damage to Cotton
Tobacco thrips is an early season pest of seedling cotton. It can damage cotton
plants from emergence to the fourth leaf stage. Feeding from tobacco thrips can cause
yellowing, stunting, and overall plant decline (Davidson et al. 1979; Lohmeyer et al.
2003). Thrips feeding can also result in a silvering appearance of the plant. This silvering
is due to air replacing cell fluids (Telford and Hopkins 1957; Reed and Reinecke 1990;
Cook et al. 2011). Reductions in plant height due to thrips injury has also been observed
(Parencia et al. 1957; Burris et al. 1989, 1994, 1995; Cook et al. 2011). Thrips injury has
also been known to cause significant delays in maturity (Gaines 1934; Watts 1937;
Dunham and Clark 1937; Carter et al. 1989; Bourland et al. 1992; Parker et al. 1992;
Herbert 1998; Van Duyn et al. 1998; Faircloth et al. 1999; Van Tol and Lentz 1999;
Lentz and Van Tol 2000; Cook et al. 2011). Mixed results have been observed in regards
to the effect of thrips injury on yield. Some research has shown that controlling thrips
results in yield increases (Watts 1937, Race 1961, Davis et al. 1966, Davis and Cowan
1972, Leser 1985, Carter et al. 1989, Burris et al. 1989, Almand 1995; Herbert 1998, Van
Tol and Lentz 1999; Lentz and Van Tol 2000; Cook et al. 2011), while others have
observed no improvement in yields (Newsom et al. 1953; Watson 1965; Cowan et al.
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1966; Beckham 1970; Harp and Turner 1976; Terry and Barstow 1985; Ratchford et al.
1987, 1989, Lentz and Austin 1994; Roberts 1994; Cook et al. 2011). Neonicotinoid seed
treatments including imidacloprid and thiamethoxam are a popular option for managing
early season thrips populations. In instances when seed treatments do not provide
sufficient control, foliar insecticide applications may be warranted. Commonly used
foliar insecticides used for thrips control in cotton are acephate, dicrotophos, and
dimethoate (Kerns et al. 2009, Kerns and Cattaneo 2009; Parker et al. 2009; Bacheler and
Reisig 2010; Catchot et al. 2010; Greene 2010; Herbert 2010; Pollet et al. 2010; T. Reed
et al. 2010; Roberts et al. 2010; Stewart et al. 2010; Studebaker et al. 2010; Cook et al.
2011). In Mississippi, it is recommended that foliar treatments should be made if thrips
numbers reach one per plant with immatures present (Catchot et al. 2017).
Justification
Thrips management in peanut is complex because of the limited amount of
research. Historical research predominantly found that managing thrips was unadvisable
for economic reasons and the occurrence of tomato spotted wilt virus. Also most of this
research was conducted in Georgia, where growing conditions and insect infestations are
different from that in Mississippi. The purpose of this research was to evaluate thrips
management strategies for Mississippi and locations with similar conditions and when
other stress factors impact peanut growth.
Thrips are an early season pest of cotton. The use of an insecticide seed treatment
is the most common management strategy for this pest. However in recent years, seed
treatments have not provided sufficient suppression of thrips. Alternative control methods
for thrips include foliar insecticide applications. The purpose of this research was to
6

determine the impacts of thrips on certain varieties of cotton with various thrips
management methods. An additional objective of this research was to determine the
effects of compounding thrips and tarnished plant bug injury on the maturity and yield of
cotton.
Objective 1: Impact of at-planting insecticides and foliar applications of acephate
for Frankliniella spp. management to flumioxazin injured peanut.
Objective 2: Impact of thrips damage on three commercial cotton varieties with
differing levels of susceptibility.
Objective 3: Compounding effects of thrips and tarnished plant bug injury on the
maturity and yield of cotton.
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CHAPTER II
IMPACT OF AT-PLANTING INSECTICIDES AND FOLIAR APPLICATIONS OF
ACEPHATE FOR Frankliniella SPP. MANAGEMENT TO FLUMIOXAZIN
INJURED PEANUT
Abstract
Field experiments were conducted in 2016 and 2017 in Stoneville, MS and
Starkville, MS to determine the impact of different insecticide management options for
thrips to herbicide injured peanut. Experiments had insecticide treatments of imidacloprid
in-furrow at-planting, one or two foliar applications of acephate, and an untreated control.
The herbicide factor of this experiment included an application of flumioxazin or no
flumioxazin application. In Stoneville, herbicide applications were made immediately
following planting, while in Starkville, applications were made as plants were emerging
to maximize herbicide injury. The Stoneville experiment also had an additional factor in
which plots were flooded or not flooded to simulate a heavy rainfall in order to maximize
herbicide injury and also to give added stress from saturated soils. Thrips counts, thrips
damage ratings, plant vigor ratings, plant biomass, width between plant canopies, and
yield were measured and recorded. Imidacloprid at-planting was found to be the best
option for reducing thrips populations and thrips damage, while maximizing yield. The
added stress from herbicide and saturated soils was apparent at the Stoneville location.
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Introduction
Peanut, Arachis hypogaea L., production in the Mid-South has gradually
increased in the recent years. It provides a good rotation option for cotton on lighter
textured soils in place of other crops with lower commodity value. Tobacco thrips,
Frankliniella fusca (Hinds), is a common early season pest of peanut. However, no
treatment thresholds have been established to determine when to make foliar sprays for
this pest. Historically, foliar insecticide applications for thrips management have shown
conflicting results and generally have been considered not to be economical (Tappan and
Gorbet 1981). While suppressing thrips populations with insecticides may not be
necessary under normal conditions, it may be important when additional stress occurs
from other sources such as herbicide injury (Murdock et al. 1986; Brecke et al. 1996).
At-planting soil insecticides could also be an option for managing thrips. Previous
research has shown that in-furrow treatments can reduce first generation thrips larvae by
70-95%, resulting in less feeding injury (Smith and Sams 1977; Tappan and Gorbet 1981;
Lynch et al. 1984; Chamberlin et al. 1992). Thrips are also known to transmit tomato
spotted wilt virus (TSWV) in non-resistant cultivars. At least eight species of thrips have
been found to transmit this disease (Mound 2002; Herbert et al. 2007) with tobacco thrips
being the most predominant species because it reproduces more efficiently on peanut
foliage (Todd et al. 1994, 1995, 1996; Shreshta et al. 2013). Use of at-planting
insecticides can reduce the incidence of TSWV (Herbert et al. 2007). Herbert et al.
(2007) also found that foliar applications of acephate reduced plant injury from thrips, as
well as, incidence of TSWV.
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Herbicide resistant weeds are a continually growing problem in all crops.
Currently, 23 different weed species in the Mid-South are resistant to certain classes of
herbicides (http://weedscience.org/Details/USState.aspx?StateAbbr=MS). A sound weed
management program is crucial due to the growth habit of peanut. Peanut produces a low
spreading canopy that slowly grows outward unlike other crops resulting in a longer
period for canopy closure to occur. This delay in canopy closure allows weeds to
continually germinate, emerge, and grow during the early part of the growing season.
Implementing a preemergence herbicide program with residual herbicides is the best way
to manage herbicide resistant weeds. Flumioxazin (Valor® SX, Valent U.S.A.
Corporation, Walnut Creek, CA) is a popular preemergence herbicide used in peanut
production to manage early season broadleaf weed species. Flumioxazin is an herbicide
that inhibits protoporphyrinogen oxidase (Anonymous 1988; Cranmer et al. 2000; Price
et al. 2004). It is in the chemical family N-phenylphthalimide, and is the common name
of, 2-[7-fluoro-3,4-dihydro-3-oxo-4-(2-propynyl)-2H-1,4-benzoxazin-6-yl]-4,5,6,7tetrahydro-1H-isoindole-1,3(2H)-dione. Flumioxazin can cause injury to tolerant plants
even when applied at the labeled rate. Flumioxazin can cause phytotoxicity under high
soil moisture conditions or when heavy rainfall results in splashing of treated soil onto
plant tissues after emergence (Taylor-Lovell et al. 2002). An example of this would be
bronzing and burning of leaves after a heavy rainfall following a preemergence
application. This type of herbicide injury can slow seedling development and make
affected plants more susceptible to other stresses, such as injury from early season pests
including thrips. The combination of thrips injury, herbicide injury, and moist soils have
been found to result in delayed pod development and reduced yield in peanut (Brecke et
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al. 1996; Funderburk et al. 1998; Drake et al. 2009). The current experiment was
designed to investigate the interactions between flumioxazin injury, excessive soil
moisture, and thrips feeding on peanut development and yield.
Materials and Methods
Separate experiments were conducted in 2016 and 2017 in Stoneville, Mississippi
at the Delta Research and Extension Center and at the R.R. Foil Plant Science Research
Center in Starkville, Mississippi to evaluate the impact of at-planting insecticides and
foliar applications of acephate for thrips management to flumioxazin injured peanut. In
Stoneville, plot size was four rows on 102 cm row spacing that were 12.2 m in length
separated by 3.05 m alleys. For the experiment conducted in Stoneville, treatments were
arranged as a split-split-plot within a randomized complete block design with four
replications. The main-plot factor was flood irrigation at two levels, flooded and not
flooded. The flooding factor was included to simulate a heavy rainfall event and
maximize herbicide injury and was implemented 10 days after planting, two days after
emergence. The sub-plot factor was herbicide application at two levels. A pre-emergence
application of flumioxazin at a rate of 163 g ai/ha or no flumioxazin. The sub-sub-plot
factor was thrips management at four levels. They included a 0.36 g ai/ha at-planting
application of imidacloprid (Admire® Pro, Bayer CropScience, Raleigh, NC), one foliar
application of acephate (ACEPHATE 90 WDG, Loveland Products, Loveland, CO)
applied 7 days after flooding, or two foliar applications of acephate made 7 and 14 days
after flooding, and an untreated control. All foliar applications of acephate were made at
a rate of 0.55 kg ai/ha. Plots were planted on 06 May, 2016 and 10 May, 2017 at a
seeding rate of 21 seeds per row meter. The cultivar used for this experiment was
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Georgia-06G (Birdsong Peanuts, Suffolk, VA). A peanut inoculant (Primo CL, Verdesian
Life Sciences, Cary, NC) was applied in-furrow to all plots at the time of planting at a
rate of 0.95 L/ha. All plots received preemergence applications of S-metolachlor (Dual
Magnum, Syngenta Crop Protection, Greensboro, NC) and diclosulam (Strongarm, Dow
AgroSciences, Indianapolis, IN) at rates of 1.37 kg ai/ha and 26.4 g ai/ha, respectively, to
minimize weed pressure. All plots were surface irrigated using poly-ethylene pipe which
allowed water to flow down each row furrow.
For the experiment in Starkville, plot size was four rows on 96.5 cm row spacing
that were 9.14 m in length separated by 3.05 m alleys. Treatments for the experiment in
Starkville were similar to Stoneville, as they were arranged as a split-plot, within a
randomized complete block design. The flooding factor was not included at this location.
The main plot factor was herbicide application at two levels. This included an application
of flumioxazin at a rate of 163 g ai/ha when plants began to emerge in order to maximize
herbicide injury or no flumioxazin. The sub-plot factor was thrips management at four
levels identical to the treatments of the Stoneville experiment. Plots were planted 06 May
2016 and 11 May 2017.
In Stoneville, to simulate a heavy rainfall, half of the plots were flooded once
plants emerged to maximize herbicide injury. Levees were erected around the exterior of
the flooded plots with an implement commonly used in rice production. Smaller levees
were also made in the alleys between each replication to ensure sufficient flooding. Water
in each replication remained for 30 minutes to maximize injury. Replications were
flooded one at a time before breaking the levee between replications. This allowed water
to flow into the next replication until all were flooded separately. One week after
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flooding, levees were removed. All plots were plowed to allow for furrow irrigation later
in the growing season.
Thrips populations were sampled 8 and 15 days after flooding, one day after
insecticide applications, by cutting five random plants at the soil surface from each plot
and placing them into self-sealing plastic bags (Ziploc). Plants were washed using a
method developed by Burris et al. (1990). Plants were soaked in a bleach and soapy water
solution in the bags. Plants were placed on a two mm sieve set atop a funnel with a
smaller 45 micrometer sieve underneath. Plants were washed with water to remove
insects from plants onto smaller sieve. The contents of the smaller sieve were then
transferred onto a nine cm diameter filter paper. Remaining residue from the sieve was
washed with a 70% ethanol solution onto the filter paper. Excess ethanol was drained
from the filter paper using a Buchner funnel and vacuum. Filter paper was then examined
under a microscope; number of adult and immature thrips were counted and recorded
separately.
Thrips damage was estimated two days after the second insecticide application to
determine the damage incurred to plants by thrips. These ratings were based on a scale
from one to 5 with one being no injury to the plant and five being a severely injured plant
with almost complete necrosis of plant tissue. Plant vigor was estimated at the same time
as thrips damage to determine the effect treatments on plant growth. These ratings were
based on a scale from one to 100% with 1% being dead and non-growing and 100%
being actively growing.
Plant biomass for each year was recorded at 34 days after planting. Plant biomass
was determined by randomly removing five plants from each plot and placing them in
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paper bags. Paper bags were placed in a greenhouse and allowed to air dry for two weeks.
Upon drying, plants were placed in open top plastic container and weighed on a Mettler
Toledo AL54 analytical lab balance. Biomass was measured in grams and carried out to
the fourth decimal place.
Width between plant canopies was measured various days after planting. This was
defined as the width between the outermost vines of plants on rows two and three. Five
locations per plot were measured by placing a meter stick between the vines on these two
rows and then averaged.
Digging dates were determined by using a combination of the simplified three pile
hull color method (Chapin and Thomas, n.d.) and the Peanut Profile Board method to
determine plant maturity. At maturity, plants were inverted with a two-row digger and
shaker. In Stoneville, plots were harvested 153 days after planting in 2016 and 139 days
after planting in 2017. In Starkville, plots were harvested 145 days after planting in 2016
and 147 days after planting in 2017. Rows two and three from each plot were harvested
using a peanut combine with a bagging attachment. Bags were weighed in pounds using
an Intercomp CS200 digital hanging scale.
Thrip counts, thrips ratings, vigor ratings, plant biomass, width between canopies,
and yield data were analyzed with a mixed model analysis of variance (PROC
GLIMMIX, SAS 9.4, SAS Institute Inc. Cary, NC). Flooding (Stoneville only), herbicide,
insecticide, and their interactions were considered fixed effects in the model. Locations
were analyzed separately. Site year, replication nested in site year, replication by
herbicide nested in site year were considered random effects in the model. Degrees of
freedom were calculated using the Kenward-Roger method. Means were calculated with
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LSMEANS and separated using to Fisher’s protected LSD. Differences were considered
significant at α=0.05.
Results and Discussion
Stoneville
There was no interaction between flooding, herbicide, and insecticide (F=0.24;
df= 3, 87; P=0.87) for thrips populations at the first sampling date following the first
insecticide application. There was no interaction between flooding and herbicide (F=0.50;
df= 1, 14; P=0.49), flooding and insecticide (F=0.45; df= 3, 87; P=0.72), or herbicide and
insecticide (F=0.16; df= 3, 87; P=0.92). Use of insecticide (F=4.40; df= 3, 87; P<0.01)
had a significant effect on thrips populations sampled after the first insecticide
application. An at-planting application of imidacloprid reduced thrips populations
compared to one application of acephate and the untreated control (Fig. 2.1). Neither,
herbicide (F=0.06; df= 1, 14; P=0.81) nor flooding (F=3.47; df= 1, 7; P=0.10) had an
effect on thrips populations following the first insecticide application. Following the
second insecticide application, there was no interaction between flooding, herbicide, and
insecticide (F=0.59; df= 3, 80; P=0.63) for thrips populations. There was an herbicide by
insecticide (F=22.94; df= 1, 7; P=0.03) interaction after the second insecticide
application. Plots with no flumioxazin application and no insecticide had significantly
more thrips than all other treatments (Fig. 2.2). In general, imidacloprid applied in-furrow
at the time of planting provided better control of thrips than foliar sprays with acephate.
There was no flooding by herbicide (F=0.01; df= 1, 14; P=0.96) or flooding by
insecticide (F=1.19; df= 3, 80; P=0.32) interaction following the second insecticide
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application. Flooding (F=0.70; df= 3, 80; P=0.43) did not have an effect on thrips
populations sampled after the second insecticide application.
There was no interaction between flooding, herbicide, and insecticides (F=1.65;
df= 3, 212; P=0.18) on thrips damage ratings. No interactions between flooding and
insecticide (F=1.41; df= 3, 212; P=0.24), flooding and herbicide (F=1.33; df= 1, 14;
P=0.27), or herbicide and insecticide (F=0.32; df= 3, 212; P=0.81) occurred for thrips
damage ratings. However, each main effect had an effect on thrips damage ratings.
Flumioxazin (F=114.51; df= 1, 14; P<0.01) had an effect on thrips damage. Plots with
preemergence flumioxazin applications (2.48±0.07) had more damage from thrips
compared to plots with no flumioxazin applications (1.68±0.06). Flooding (F=25.84; df=
1, 7; P<0.01) had an effect on thrips damage ratings as the non-flooded plots (1.84±0.07)
had less thrips damage compared to the plots that were flooded (2.32±0.07). There was
an effect from insecticides (F=28.13; df= 3, 212; P<0.01) on thrips damage ratings across
all years. Use of an insecticide, whether applied at-planting or foliar, reduced thrips
damage compared to the untreated control. Using imidacloprid at-planting reduced thrips
damage compared to all other treatments (Fig. 2.3). Plots with two applications of
acephate, 7 and 14 days after flooding, sustained less damage compared to only one
application, 7 days after flooding. Plots with only one application were damaged
significantly less than the untreated control.
No significant interaction between flooding, herbicide, and insecticides (F=0.72;
df= 3, 100; P=0.54) with regards to plant vigor was observed. A significant interaction
between herbicide and flooding (F=8.41; df= 1, 6; P=0.03) was observed for plant vigor.
No differences were observed between herbicide treatments in the non-flooded plots (Fig.
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2.4). Plots with flooding and no flumioxazin had significantly more vigorous plants
compared to plots with flooding and a flumioxazin application (Fig. 2.4). There was no
significant flooding by insecticide (F=0.28; df= 3, 100; P=0.84) or herbicide by
insecticide (F=0.19; df= 3, 100; P=0.91) interaction for plant vigor ratings. Insecticide
(F=12.62; df= 3, 100; P<0.01) had an effect on plant vigor ratings across all years. Plots
with an at-planting application of imidacloprid or two applications of acephate had more
vigorous plants compared to those in plots with only one application of acephate and the
untreated control (Fig. 2.5). Use of any insecticide resulted in higher vigor ratings than
the untreated control.
There was no interaction between flooding, herbicide, and insecticide (F=1.87;
df= 3, 84; P=0.14) for plant biomass. No interaction between flooding and herbicide
(F=0.53; df= 1, 14; P=0.47), flooding and insecticide (F=1.13; df= 3, 84; P=0.34) or
herbicide and insecticide (F=0.18; df= 3, 84; P=0.91) was observed. Herbicide (F=27.93;
df= 1, 14; P<0.01), flooding (F=28.15; df= 1, 7; P<0.01), and insecticide (F=6.89; df= 3,
84; P<0.01), each had an effect on plant biomass. Plots with no flumioxazin application
(10.98±0.43) had more biomass compared to plots with an application of flumioxazin
(7.86±0.39). Flooded plots (7.84±0.34) had less biomass than the non-flooded plots
(10.99±0.47). Plots with an at-planting application of imidacloprid and either one or two
applications of acephate had more biomass than the untreated control (Fig. 2.6). Plots that
had imidacloprid at-planting had larger plants than plots that received foliar applications.
There was no interaction between flooding, herbicide, and insecticide (F=0.14;
df= 3, 404; P=0.94) for width between plant canopies. There were also no interactions
between flooding and insecticide (F=0.68; df= 3, 404; P=0.56), flooding and herbicide
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(F=0.49; df= 1, 14; P=0.49), or herbicide and insecticide (F=0.19; df= 3, 404; P=0.90).
However, herbicide (F=36.23; df= 1, 14; P<0.01), flooding (F=20.12; df= 1, 7; P<0.01),
and insecticide (F=3.88; df= 3, 404; P<0.01) had an effect on canopy width. Plots that
did not receive flumioxazin (26.79±1.07) had significantly less distance between
canopies compared to plots that received flumioxazin (36.37±1.34). Flooded plots
(35.42±1.35) had greater distances between canopies compared to the non-flooded plots
(27.74±1.15). Plots that received an insecticide application had less width between
canopies compared to the untreated control (Fig. 2.7)
There was no interaction between flooding, herbicide, and insecticide (F=0.82;
df= 3, 72; P=0.49) for peanut yield. No interaction occurred between flooding and
insecticide (F=1.87; df= 3, 72; P=0.14), flooding and herbicide (F=0.01; df= 1, 12;
P=0.92), or insecticide and herbicide (F=0.53; df= 3, 72; P=0.66) Herbicide (F=17.57;
df= 1, 12; P<0.01) had a significant effect on peanut yield. Plots with no flumioxazin
application (5603.11±139.21) yielded greater than plots that received a flumioxazin
application (5373.93±124.70). Plots that were flooded (5269.54±137.01) yielded
significantly less than plots that were not flooded (5707.49±122.04) (F=21.24; df= 1, 6;
P<0.01). Insecticide use had a significant effect on yield. Use of any insecticide resulted
in greater peanut yields compared to the untreated control (F=14.03; df= 3, 72; P<0.01).
Imidacloprid at-planting resulted in greater yields compared to two applications of
acephate, but not greater than one application (Fig. 2.8).
Starkville
There was no interaction between herbicide and insecticide on thrips populations
at the first (F=2.30; df= 3, 42; P=0.09) or second (F=1.32; df= 3, 42; P=0.28) sampling
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time. At the time of the first sampling, imidacloprid at-planting reduced thrips
populations compared to the untreated control (Fig. 2.9) (F=3.69; df= 3, 42; P=0.02). All
insecticides reduced thrips populations compared to the untreated control at the second
sampling time (F=9.52; df= 3, 42; P<0.01). Populations were lower in plots that received
imidacloprid at-planting compared to plots that received one foliar application of
acephate (Fig. 2.10). Herbicide had no effect on thrips populations at either sampling
time (One: F=2.60; df= 1, 7; P=0.15; Two: F=0.46; df= 1, 7; P=0.52).
No significant interaction between herbicide and insecticide (F=1.43; df= 3, 170;
P=0.23) has observed for thrips damage ratings. The use of an insecticide, either atplanting or foliar, reduced thrips damage compared to the untreated control, (F=31.57;
df= 3, 170; P<0.01), with plots treated with imidacloprid having the least amount of
damage (Fig. 2.11). Herbicide (F=3.86; df= 1, 7; P=0.09) had no effect on thrips damage
across all years.
There was no interaction between herbicide and insecticide (F=0.83; df= 3, 82;
P=0.48) for plant vigor ratings. Plots that had no flumioxazin applications (91.45±1.22)
had more vigorous plants compared to those in plots that had an application of
flumioxazin (75.42±1.57) (F=84.30; df= 1, 3; P<0.01). The use of an insecticide resulted
in significantly higher plant vigor ratings compared to the untreated control (F=7.90; df=
3, 82; P<0.01). Imidacloprid at-planting and two foliar applications of acephate resulted
in significantly more vigorous plants than one application of acephate (Fig. 2.12).
There was no herbicide by insecticide interaction (F=0.18; df= 3, 42; P=0.91) for
plant biomass across all years. Plots with two applications of acephate had more biomass
compared to those with one application of acephate and the untreated control (F=2.74;
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df= 3, 42; P=0.05). Two applications of acephate or imidacloprid resulted in similar
quantities of biomass (Fig. 2.13). There was no effect of herbicide for plant biomass
(F=0.91; df= 1, 7; P=0.37).
There was no herbicide by insecticide interaction (F=0.14; df= 3, 266; P=0.94) for
width between the canopies of rows 2 and 3 across all years. Plots that received
flumioxazin (35.14±1.48) at cracking had greater distances between the canopies
compared to plots that received no flumioxazin (28.41±1.30) (F=12.27; df= 1, 7;
P<0.01). Distance between canopies was less in the plots in the imidacloprid treated plots
compared to the untreated plots (Fig. 2.14) (F=2.52; df= 3, 266; P=0.05).
There was no interaction between herbicide and insecticide (F=0.86; df= 3, 37;
P=0.47) on peanut yield across all years. Also, there was no effect on peanut yield from
herbicide (F=4.85; df= 1, 7; P=0.06) or insecticide (F=1.78; df= 3, 37; P=0.17).
In general, use of an insecticide for thrips management resulted in fewer thrips,
less thrips damage, and more vigorous plants than where no insecticides were used. This
was as expected as similar results were observed in previous research (Smith and Sams
1977; Tappan and Gorbet 1981; Lynch et al. 1984; Chamberlin et al. 1992). In Stoneville,
thrips populations were lower in plots that had flumioxazin applications compared to no
flumioxazin and no insecticides. This could be the result of plants being less attractive to
thrips for feeding due to herbicide injury and was likely an artifact of small plot research
where thrips adults were able to choose non-injured plants for feeding and oviposition.
However, the same might not be observed in a large scale production setting where the
entire field has flumioxazin injured plants.
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In the Stoneville experiment, the flumioxazin treated plots had more damage from
thrips than plots with no herbicide. However, this was not observed in the Starkville
experiment, flumioxazin applied at cracking resulted less injury, therefore plants were
less susceptible to thrips injury. The additional stress from flooding resulted in plants
incurring more damage in the flooded plots than the unflooded which may have also had
an effect on thrips injury. Flooding, which moved the flumioxazin onto the plants from
the soil surface increased herbicide injury, which may have rendered plants more
susceptible to thrips damage.
Use of an insecticide resulted in more vigorous plants compared to those in plots
with no insecticide application across all years at both the Stoneville and Starkville
locations. Flooding and flumioxazin use had detrimental effects as these plants suffered
and were not able to grow as vigorously as uninjured plants. In a non-flooded
environment, plants grew properly with no difference in vigor whether there was a
flumioxazin application or not.
In general, plants with an insecticide treatment had greater biomass compared to
the untreated control. Also, plants without a flumioxazin application had significantly
greater biomass than plants with a flumioxazin application in the Stoneville experiment.
However, this was not observed in the Starkville experiment. Soil saturation from
flooding significantly reduced plant biomass.
In general, using an insecticide resulted in expedited canopy closure compared to
when no insecticides were used. Flumioxazin use created adverse growing conditions for
plants, which in turn resulted in slower canopy closure. Like flumioxazin, flooding also
had a negative effect on canopy closure. Canopy closure is important in peanut
28

production from a weed control aspect. The narrower the width between canopies is, the
more likely weeds are to be shaded out and not able to become established.
In regards to yield, significant differences were only observed in the experiment
in Stoneville. Any insecticide application resulted in a significant yield increase
compared to the untreated control. Flumioxazin caused a yield decrease in the Stoneville
experiment, however, this what not observed in Starkville. The flooded environment
during the seedling stage also resulted in a yield decrease. The results of the Stoneville
experiment were somewhat expected in regards to yield as previous research has shown
thrips injury, herbicide injury, and saturated soils can have adverse effects on yield
(Brecke et al. 1996; Funderburk et al. 1998; Drake et al. 2009).
No interaction between flumioxazin use, flooding, and insecticide use, was
observed for the majority of the parameters in these experiments. However, each factor
individually effected on peanut development and yield. While the amount of rainfall
received cannot be controlled, a grower does have control over herbicide and insecticide
applications. With herbicide resistant weeds becoming more of a concern, choosing not to
make a preemergence application of flumioxazin could result in an even greater yield
reduction due to competition from weeds than what was observed in this experiment from
herbicide injury. However, choosing to make an insecticide application early in the
growing season could result in greater yields that could greatly benefit the grower.
Imidacloprid is a recommended practice to manage thrips, preserve plant vigor, expedite
canopy closure, and preserve yield. While this may be an added expense, an inoculant is
already being applied in-furrow at the time of planting; co-applying imidacloprid is a less
expensive option than making one or two foliar applications of acephate after plant
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emergence. However, if conditions at the time of planting are ideal, and a grower decides
to forego the in-furrow imidacloprid application, foliar applications of acephate are an
option if weather conditions deteriorate and the additional stress from thrips needs to be
alleviated. Additionally, more research is needed to determine the best herbicide options
for a pre-emergence program that maximize weed control and minimize plant injury
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Fig. 2.1. Impact of insecticides for mean (SEM) thrips counts on peanut after first insecticide application across the Stoneville,
MS location in 2016 and 2017.(Means with the same letter are not significantly different according to Fisher’s Protected LSD;
α=0.05).
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Fig. 2.2. Interaction between flumioxazin and insecticides for mean (SEM) thrips counts after second foliar insecticide application
across the Stoneville, MS location in 2016 and 2017. (Means with the same letter are not significantly different according to
Fisher’s Protected LSD; α=0.05).
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Fig. 2.3. Impact of insecticides for mean (SEM) thrips damage ratings of peanut across the Stoneville, MS location in 2016 and
2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.4. Interaction between flumioxazin and irrigation for mean (SEM) plant vigor ratings of peanut across the Stoneville, MS
location in 2016 and 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.5. Impact of insecticides for mean (SEM) plant vigor ratings of peanut across the Stoneville, MS location in 2016 and 2017.
(Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.6. Impact of insecticides for mean (SEM) plant biomass of peanut across the Stoneville, MS location in 2016 and 2017.
(Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.7. Impact of insecticides for mean (SEM) width between peanut canopies of rows 2 and 3 across the Stoneville, MS location
in 2016 and 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.8. Impact of insecticides for mean (SEM) peanut yield across the Stoneville, MS location in 2016 and 2017. (Means with the
same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).

Yield (kg/ha)

39

0

5

10

15

20

25

30

35

Imidacloprid

B

1x Acephate

AB

UTC

A

Fig. 2.9. Impact of insecticides for mean (SEM) thrips counts on peanut after first insecticide application across the Starkville, MS
location in 2016 and 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.10. Impact of insecticides for mean (SEM) thrips counts on peanut after first insecticide application across the Starkville, MS
location in 2016 and 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05
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Fig. 2.11. Impact of insecticides for mean (SEM) thrips damage ratings of peanut after first insecticide application across the
Starkville, MS location in 2016 and 2017. (Means with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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Fig. 2.12. Impact of insecticides for mean (SEM) plant vigor ratings of peanut across the Starkville, MS location in 2016 and 2017.
(Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.13. Impact of insecticides for mean (SEM) plant biomass of peanut across the Starkville, MS location in 2016 and 2017.
(Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 2.14. Impact of insecticides for mean (SEM) width between peanut canopies of rows 2 and 3 across the Starkville, MS location
in 2016 and 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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CHAPTER III
IMPACT OF THRIPS DAMAGE ON THREE COMMERCIAL COTTON VARIETIES
WITH DIFFERING LEVELS OF SUSCEPTIBILITY
Abstract
Field experiments were conducted during 2016 and 2017 in Stoneville, MS and
Starkville, MS to determine the effect of cotton cultivar resistance to tobacco thrips,
Frankliniella fusca (Hinds), in IPM programs. Three commercial cotton varieties from
Bayer CropScience (Raleigh, NC) with varying tolerances to thrips injury were used in
this experiment. Also, these cotton varieties were evaluated with and without a thiodicarb
plus imidacloprid (Aeris, Bayer CropScience, Raleigh, NC) seed treatment. Thrips
densities, thrips damage, plant vigor, plant heights, first flowering branch location, and
yield were measured and recorded. Seed treatment reduced thrips densities and in turn
reduced thrips damage. In 2016, heavy rainfall occurred during the seedling stage which
reduced thrips densities allowing the susceptible variety to grow without any injury. In
2017 thrips infestations were greater and the susceptible variety incurred greater damage
than the other, more tolerant varieties. Thrips had no effect on yield in this experiment,
however there were significant differences in yield due to variety.
Introduction
Thrips is a common early season pest of cotton that infests nearly every field
planted in the midsouthern U.S. (Louisiana, Arkansas, Mississippi, Tennessee, and
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Missouri). Several species of thrips infest cotton in the United States. These species
include tobacco thrips, Frankliniella fusca (Hinds); flower thrips, Frankliniella tritici
(Fitch); western flower thrips, Frankliniella occidentalis (Pergande); onion thrips, Thrips
tabaci (Lindeman); and soybean thrips, Neohydatothrips variabilis (Beach), (Leigh et al.
1996; Albeldano et al. 2008; Stewart et al. 2013). However, tobacco thrips are the
predominant species found on Mid-South cotton (Stewart et al. 2013).
Historically, thrips were managed by in-furrow applications of aldicarb. Because
aldicarb was not commercially available for a period of time, neonicotinoid seed
treatments have been adopted by growers across the cotton producing regions of the U.S.
to manage early season thrips (Stewart et al. 2013). Neonicotinoid seed treatments have
become a popular option for managing insects in many crops. This is due to a number of
their characteristics including unique chemical and biological properties, broad-spectrum
insecticidal activity, low application rates, excellent uptake and translocation in plants,
and low mammalian toxicity (Maienfisch et al. 2001). Imidacloprid was the first
neonicotinoid introduced to the market in 1991 by Bayer CropScience (Maienfisch et al.
2001). Previous research has shown that imidacloprid seed treatments provide thrips
control from 11 days after planting (Lentz and Austin 1994; Cook et al. 2011) to 29 days
after planting (Graham et al. 1995; Cook et al. 2011). Thiomethoxam, a second
generation neonicotinoid, was discovered in 1996 by Ciba Crop Protection (Maienfisch et
al. 2001). It is also used as a seed treatment (Cruiser 5FS, Syngenta Crop Protection,
Greensboro, NC) in several crops including cotton. Less than satisfactory control of
thrips with thiomethoxam seed treatment has recently been reported across the southern
U.S. (Darnell et al. 2015; Cook et al. 2016). Currently, adequate thrips suppression from
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these neonicotinoid seed treatments has decreased likely due to resistance to this family
of products. Huseth et al. (2016) found certain populations of tobacco thrips from the
Mid-South, Southeast, and East Texas survived both imidacloprid and thiomethoxam
doses in laboratory bioassays.
With insufficient control of thrips from seed treatments, foliar insecticide
applications may be warranted if thresholds are reached. In Mississippi, the threshold is
one thrips per plant with immatures present (Catchot et al. 2017). Foliar insecticides
recommended for thrips control include acephate (ACEPHATE 90 WDG, Loveland
Products, Loveland, CO), dicrotophos (Bidrin 8E, Amvac Chemical Corp., Newport
Beach, CA), dimethoate (Dimethoate 4EC, Drexel Chemical Co., Memphis, TN), and
spinetoram (Radiant SC, Dow Agrosciences, Indianapolis, IN) (Catchot et al. 2017).
Host plant resistance is another component of managing thrips populations.
Differing plant characteristics can contribute to some cultivars being less impacted by
thrips. Previous research has shown that cultivars with dense leaf pubescence (Ramey
1962; Quisenberry and Rummel 1979, Bourland and Benson 2002; Arif et al. 2004, 2006;
Balakrishnan 2006; Khan et al. 2014; Miyazaki et al. 2017) have some resistance to thrips
while others have reported cultivars with little leaf pubescence (Zareh 1985; Leigh 1995;
Miyazaki et al. 2017) have shown resistance. Allelochemical components such as
gossypol level and tannins also have been found to effect on thrips densities (Bourland
and Benson 2002; Arif et al. 2004, 2006; Balakrishnan 2006; Khan et al. 2014; Miyazaki
et al. 2017). Not all commercial cotton varieties have the same resistance levels to thrips.
An experiment was conducted by Darnell (2017) to evaluate the impact of thrips on
numerous current commercial varieties. Three of those varieties included ST4747GLB2,
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ST4946GLB2, and ST6448GLB2. Darnell (2017) found that ST4747GLB2 was most
resistant to thrips, while ST6448GLB2 was most susceptible to thrips. In that experiment,
ST4946GLB2 was intermediate in terms of its resistance to thrips infestations (Darnell
2017). The mechanisms of resistance or the impact that host plant resistance had on thrips
management was not evaluated in that experiment. The objective of the current
experiment was to determine how cotton cultivars with resistance to thrips could be
utilized in current IPM programs.
Materials and Methods
An experiment was conducted in 2016 and 2017 at the Delta Research and
Extension Center in Stoneville, MS and also at the R.R. Foil Plant Science Research
Center in Starkville, MS to determine the relationship between thrips damage and three
commercial cotton varieties. In Stoneville, plots were planted on 05 May, 2016 and 25
April, 2017. In Starkville, plots were planted 09 May, 2016 and 02 May, 2017. To
minimize weed pressure, preemergence applications of 0.84 kg ai/ha fluometuron
(Cotoran®4L, DuPont™, Wilmington, DE), 1.37 kg ai/ha of S-metolachlor (Dual
Magnum, Syngenta Crop Protection, Greensboro, NC), and 28 g ai/ha of pyrithiobac
(Staple® LX, Dupont™, Wilmington, DE) were made immediately after planting.
Furrow irrigation was utilized as needed in 2016. Adequate rainfall occurred during 2017
resulting in no need for irrigation. Treatments were arranged in a split-plot within a
randomized complete block design with four replications. The main plot factor was
variety as three cotton varieties with various thrips tolerance ratings were tested. Cotton
varieties were classified as susceptible (ST6448GLB2, Bayer CropScience, Raleigh, NC),
moderate (ST4946GLB2, Bayer CropScience, Raleigh, NC), and tolerant (ST4747GLB2,
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Bayer CropScience, Raleigh, NC) to thrips damage based on research done by Darnell
(2017). The sub-plot factor was thrips management. For this factor, each variety had two
treatments: untreated seed or thiodicarb and imidacloprid seed treatment (Aeris, Bayer
CropScience, Raleigh, NC). In Stoneville, plot size was four rows on 102 cm row
spacing that were 12.2 m in length separated by 3.05 m alleys. For the experiment in
Starkville, plot size was four rows on 96 cm row spacing that were 12.2 m in length
separated by 3.05 m alleys.
To estimate thrips densities, five random plants per plot were removed by cutting
the plants below the cotyledons at the 1-2 leaf stage and 3-4 leaf stage, and placed into
quart sized Ziplock® plastic bags. Plants were then taken to the laboratory and washed
using a method similar to Burris et al. (1990). A bleach and soapy water solution was
poured into the bags to dislodge thrips from the plants. Plants were then placed on a two
mm sieve which sat on top of a funnel with a 45 μm sieve below. Plants were washed
with water to remove thrips from plants onto the smaller sieve. The contents of the
smaller sieve were then poured onto a piece of lined nine cm diameter filter paper.
Residue in the sieve was then washed onto the filter paper using a 70% ethanol solution.
Excess ethanol was removed from the filter paper with a Buchner funnel and vacuum.
Filter paper was then examined under a microscope to record numbers of adult and
immature thrips.
To determine the effect of thrips injury on different varieties, thrips damage
ratings were also taken at the one to two and three to four leaf stages. Damage ratings
were conducted by visually examining each plot as a whole, and determining the rating
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accordingly. Thrips damage ratings were based on a scale of one to five, with one being
little to no damage and five being extreme damage and necrosis of the plant.
Vigor ratings were also recorded on the same days as thrips damage ratings to
determine the effect thrips had on the growth and vitality of the plants. Vigor ratings were
conducted by visually examining the whole plot, and determining the rating by observing
plant health, height, and uniformness. Ratings were based on a scale of 1-100% with one
being a slow growing plot and 100 being a plot with lush, actively growing plants.
Plant height was determined once at the squaring period prior to flowering
occurred to evaluate the impact of thrips injury. Height data were collected by measuring
five random plants per plot from the base of the plant to the terminal using a meter stick.
The location of the first fruiting branch was recorded for all plots in 2017 to
determine the impact of thrips injury on development of fruiting structures. Five random
plants per plot were selected and the number of mainstem nodes from the cotyledonary
node to the first fruiting branch with a first position fruiting structure was determined.
Plots were harvested using a spindle type cotton picker modified with a
computerized weigh scale. Seed cotton weights were recorded. Lint yield for each plots
was determined by taking the seed cotton weight and multiplied by 40% to determine
final lint yield in kg/ha.
Thrips counts, thrips ratings, vigor ratings, plant heights, first fruiting branch, and
yield were analyzed with a mixed model analysis of variance (PROC GLIMMIX, SAS
9.4, SAS Institute Inc. Cary, NC). Variety, seed treatment, and leaf stage were considered
fixed effects in the model. Location, replication nested in location, and replication by
variety nested in location were considered random effects in the model. The Kenward52

Roger method was used to calculate degrees of freedom. Means were calculated with
LSMEANS and separated according to Fisher’s protected LSD. Differences were
considered significant at α=0.05. Leaf stage was included as a repeated measure to allow
comparisons over time and only had a significant effect on thrips densities, thrips
damage, and plant vigor so it was only used when analyzing these three variables.
Results and Discussion
Heavy rainfall occurred during the cotton seedling stage in 2016 that reduced
thrips populations and impacted ratings. As a result, data were analyzed by year. There
was no variety by seed treatment by leaf stage interaction for mean thrips densities during
2016 (F=0.06; df= 2, 50; P=0.95) or 2017 (F=0.39; df= 2, 67.69; P=0.68). There was a
seed treatment by leaf stage interaction (F=4.12; df= 1, 67.69; P=0.04) for mean thrips
counts across both locations during 2017. Thrips counts were higher in plots with no seed
treatment at the 3, 4 leaf stage when compared to treated seed at the 3, 4 leaf stage and
treated or untreated seed at the 1, 2 leaf stage (Fig. 3.1). However, during 2016 there was
no interaction between seed treatment and leaf stage (F=1.98; df= 1, 50; P=0.17) There
was no interaction between variety and seed treatment during 2016 (F=0.15; df= 2, 50;
P=0.86) or 2017 (F=0.21; df= 2, 67.69; P=0.81). No interaction was observed between
variety and leaf stage during 2016 (F=0.16; df= 2, 50; P=0.85) or 2017 (F=0.80; df= 2,
68.53; P=0.45). In 2016, leaf stage had an effect on thrips counts across all locations
(F=15.5; df= 1, 2.09; P=0.05). Thrips counts were higher at the 1, 2 leaf stage than the 3,
4 leaf stage (Fig. 3.2). The higher thrips populations at the 1, 2 leaf stage in 2016 is
opposite to that of 2017. This was most likely due to heavy rainfalls that occurred
between sample dates in 2016, but not in 2017. Lower thrips populations due to seed
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treatment was expected as suppression of thrips when using imidacloprid seed treatment
has been observed up to several weeks after planting (Lentz and Austin 1994; Graham et
al. 1995; Cook et al. 2011). During 2016, seed treatment (F=2.32; df= 1, 50; P=0.13) had
no effect on thrips populations. Variety had no effect on thrips populations during 2016
(F=0.61; df= 2, 50; P=0.55) or 2017 (F=1.29; df= 2, 68.53; P=0.28).
There was no variety by seed treatment by leaf stage interaction on thrips damage
ratings across both locations in 2016 (F=0.04; df= 2, 36; P=0.96) or 2017 (F=0.05; df= 2,
42; P=0.95). There was no interaction between variety and seed treatment (F=0.71; df= 2,
36; P=0.49), variety and leaf stage (F=0.26; df= 2, 36; P=0.77), or seed treatment and
leaf stage (F=0.60; df= 1, 36; P=0.44) during 2016. Also, in 2017, there was no
interaction between variety and seed treatment (F=0.14; df= 2, 42; P=0.87), variety and
leaf stage (F=0.21; df= 2, 28; P=0.81), or seed treatment and leaf stage (F=0.05; df= 1,
42; P=0.83). Seed treatment had a effect on thrips ratings in 2017 across all locations
(F=10.86; df= 1, 42; P<0.01). Plots planted with seed that were treated with Aeris seed
treatment had less damage from thrips compared to untreated seed (Fig. 3.3). This was
expected as seed treatment provides thrips suppression which in turn reduces damage.
There was a variety effect on thrips damage ratings in 2017 (F=5.10; df= 2, 28; P=0.01).
The tolerant variety had less damage compared to the susceptible variety (Fig. 3.4). These
results were expected as results from a previous experiment were observed in regards to
certain varieties’ susceptibility to thrips damage (Darnell 2017). Leaf stage (F=12.06;
df= 1, 14; P<0.01) had an effect on thrips damage ratings in 2017. Thrips damage was
greater at the 3, 4 leaf stage compared to the 1, 2 leaf stage (Fig. 3.5). This greater
damage could be due to the seed treatment wearing off as the plant continued to grow and
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days after planting increased as well as overall thrips populations increasing over time. In
2016, there was no effect on thrips damage ratings from seed treatment (F=0.60; df= 1,
36; P=0.44), variety (F=2.29; df= 2, 36; P=0.12), or leaf stage (F=0.60; df= 1, 26;
P=0.44).
No interaction between variety, seed treatment, and leaf stage was observed for
plant vigor ratings during 2016 (F=0.42; df= 2, 33; P=0.66) or 2017 (F=0.02; df= 1,
51.29; P=0.87). There was no interaction between variety and seed treatment (F=1.81;
df= 2, 33; P=0.18), variety and leaf stage (F=0.14; df= 2, 33; P=0.87), or seed treatment
and leaf stage (F=0.18; df= 1, 33; P=0.67) in 2016. During 2017, there was no interaction
between variety and seed treatment (F=0.75; df= 2, 51.29; P=0.48), variety and leaf stage
(F=0.66; df= 2, 21.55; P=0.53), or seed treatment and leaf stage (F=0.08; df= 1, 51.29;
P=0.78). Variety had a effect on plant vigor in 2016 (F=3.60; df= 2, 33; P=0.04) and
2017 (F=6.59; df= 2, 21.55; P<0.01). Plots planted with the moderately susceptible
variety were more vigorous compared to the tolerant variety in 2016 (Fig. 3.3). There was
no difference in plant vigor ratings between the susceptible and tolerant varieties in 2016.
In 2017, vigor ratings for moderate and tolerant varieties were not statistically different,
however, their ratings were significantly higher than the susceptible variety (Fig. 3.6).
Heavy rainfall in 2016 which reduced thrips numbers allowing the susceptible variety to
grow more vigorously when compared to the results in 2017 where thrips injury reduced
plant vigor for the susceptible variety. Seed treatment had no effect on plant vigor ratings
in 2016 (F=0.62; df= 1, 33; P=0.88) or 2017 (F=0.69; df= 1, 51.29; P=0.41). Rating
timing (leaf stage) had no significant effect on plant vigor rating in 2016 (F=0.02; df= 1,
33; P=0.89) or 2017 (F=3.34; df= 1, 9.17; P=0.10).
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There was no variety by seed treatment interaction in 2016 (F=0.62; df= 1, 21;
P=0.55) or 2017 (F=0.17; df= 2, 21; P=0.84) for mean plant heights across both
locations. Seed treatment had no effect on plant heights during 2016 (F=0.01; df= 1, 21;
P=0.97) or 2017 (F=0.85; df= 1, 21; P=0.37). Variety had an effect on mean plant height
across both locations in both 2016 (F=4.04; df= 1, 14; P=0.04) and 2017 (F=8.96; df= 2,
14; P<0.01). In 2016, the susceptible variety was taller compared to the moderate and
tolerant varieties (Fig. 3.7). However, in 2017, the moderate and tolerant varieties were
taller than the susceptible variety (Fig. 3.8). Similar to what was observed regarding plant
vigor ratings, the rainfall in 2016 could have allowed the susceptible variety to develop at
a greater rate than the moderate and tolerant varieties, but in 2017 when thrips
populations were higher, the susceptible plants were not able to grow as fast as the other
two varieties.
Across all locations in 2017, there was no variety by seed treatment interaction
(F=0.75; df= 2, 21; P=0.48) for the first flowering branch. There was also no effect from
variety (F=1.42; df= 2, 42; P=0.27) or seed treatment (F=0.12; df= 1, 21; P=0.73). In this
experiment, thrips injury had no effect on the ability of the plants to properly grow and
develop at the same rate.
In 2016, there was no variety by seed treatment interaction (F=0.20; df= 2, 21;
P=0.82) for cotton lint yield across all locations. There were also no differences for
variety (F=2.21; df= 2, 24; P=0.15) and seed treatment (F=0.21; df= 1, 21; P=0.65), on
cotton lint yield across all locations in 2016. In 2017, there was a variety by seed
treatment interaction (F=3.75; df= 2, 21; P=0.04) for cotton yield across all locations.
The tolerant variety with no seed treatment yielded higher than the tolerant variety with
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Aeris seed treatment and the susceptible variety with Aeris seed treatment (Fig. 3.9).
Rainy weather conditions following planting then warmer than usual temperatures during
August and September could have affected yield in this experiment allowing plots with
untreated seed to fully mature and yield higher or equal to those plots that had treated
seed.
These data show that using Aeris seed treatments (imidacloprid plus thiodicarb)
can reduce damage from thrips and thrips populations compared to untreated seed.
Conflicting results were observed among the two years in regards to leaf stage and thrips
populations, however, greater damage occurred at the 3, 4 leaf stage compared to the 1, 2
leaf stage. In this experiment, variety selection appeared to be the main component of
integrated pest management to resist early season thrips injury. While a reduction in
thrips populations was not observed in the more tolerant varieties, they were able to
handle greater thrips populations without sustaining the same amount of damage as the
susceptible variety. During 2016, heavy rainfall that occurred early in the growing season
could have had an effect on the results on some of the data recorded in this experiment as
thrips populations were low when counts and ratings were made. Thrips did not have an
effect on yield, however, variety was more of a factor in regards to maximizing yield.
This is expected as yield potential varies with cotton varieties. Variety selections are
usually made with other factors in mind like soil type, irrigation, as well as resistance to
other insect pests, not just injury from thrips alone. However, growers should include
thrips resistance when choosing a variety and also planting date, especially if weather
conditions are forecasted to be ideal for thrips populations to flourish, such as in 2017 for
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this experiment. Growers should also use an imidacloprid based seed treatment in order
to protect seedling cotton by reducing thrips populations and injury from thrips.
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Fig. 3.1. Seed treatment by leaf stage interaction for mean (SEM) thrips counts on cotton across the Stoneville, MS and Starkville,
MS locations in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 3.2. Impact of leaf stage for mean (SEM) thrips counts on cotton across the Stoneville, MS and Starkville, MS locations in
2016. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 3.3. Impact of seed treatment for mean (SEM) thrips damage ratings of cotton across the Stoneville, MS and Starkville, MS
locations in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 3.4. Impact of variety susceptibility level for mean (SEM) thrips damage ratings of cotton across the Stoneville, MS and
Starkville, MS locations in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD;
α=0.05).
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Fig. 3.5. Impact of leaf stage for mean (SEM) thrips damage ratings of cotton across the Stoneville, MS and Starkville, MS
locations in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD; α=0.05).
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Fig. 3.6. Impact of variety selection for mean (SEM) plant vigor ratings of cotton across the Stoneville, MS and Starkville, MS
locations in 2016 and 2017. (Means within a year with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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Fig. 3.7. Impact of variety selection for mean (SEM) plant heights of cotton during the squaring period across the Stoneville, MS
and Starkville, MS locations in 2016. (Means with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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Fig. 3.8. Impact of variety selection for mean (SEM) plant heights of cotton during the squaring period across the Stoneville, MS
and Starkville, MS locations in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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CHAPTER IV
COMPOUNDING EFFECTS OF THRIPS AND TARNISHED PLANT BUG INJURY ON
THE MATURITY AND YIELD OF COTTON
Abstract
A field experiment was conducted in Stoneville, MS during 2016 and 2017 and
Starkville, MS during 2017 to determine the effects of tobacco thrips, Frankliniella fusca
(Hinds), and tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), on the maturity and
yield of cotton. Plots were either managed for thrips, managed for tarnished plant bug, managed
for both, or untreated. Thrips densities, thrips damage ratings, plant vigor ratings, plant heights,
nodes above white flower, and nodes above cracked boll were measured throughout the growing
season. Maturity of plots with simulated tarnished plant bug injury was delayed two to three days
compared to those without tarnished plant bug injury. This was likely impacted by warmer than
usual air temperatures during September and October that allowed cotton plants to compensate
for injury and mature at a normal rate. Plots with tarnished plant bug management alone, as well
as in combination with thrips management yielded significantly higher than plots with only
thrips management. Plots where both insects were managed yielded significantly higher than the
untreated control.
Introduction
Tobacco thrips, Frankliniella fusca (Hinds), is usually one of the first pest of the growing
season encountered in cotton. While not a major destructive pest if managed properly, thrips can
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cause severe damage to cotton if increasing populations are not managed. Unmanaged
populations can retard plant growth and delay fruiting, maturity, and harvest (Hawkins et al.
1966; Rummel and Quisenberry 1979). Previous research has shown mixed results in regards to
delayed maturity and yield losses from thrips in cotton. Some studies reported an increase in
yield when thrips were managed on seedling cotton (Gaines 1934; Watts 1937b; Race 1961;
Davis et al. 1966; Davis and Cowan 1972; Leser 1985; Carter et al. 1989; Burris et al. 1989;
Almand 1995; Herbert 1998; Van Tol and Lentz 1999; Lentz and Van Tol 2000; Cook et al.
2011). Other research showed no significant improvement in yields when thrips were managed
(Newsom et al. 1953; Watson 1965; Cowan et al. 1966; Beckham 1970; Harp and Turner 1976;
Terry and Barstow 1985; Ratchford et al. 1987, 1989; Lentz and Austin 1994; Roberts 1994;
Cook et al. 2011). In general, the impact of thrips on cotton maturity and yield is highly
dependent on environmental conditions that occur during the remainder of the season.
Currently, insecticide seed treatments are the most popular method of managing early
season thrips infestations in cotton. These seed treatments commonly utilize the neonicotinoid
class of insecticides which includes imidacloprid (Gaucho 600, Bayer CropScience, Research
Triangle Park, NC) and thiamethoxam (Cruiser 5FS, Syngenta Crop Protection, Greensboro,
NC). Before these neonicotinoid seed treatments were introduced, in-furrow applied granular
aldicarb (Temik 15G, Bayer CropScience, Research Triangle Park, NC) was commonly used to
manage thrips and other early season insect pests (Cook et al. 2016). Aldicarb is a systemic
carbamate insecticide that provides effective control of thrips in cotton (Hayes 1982; Lohmeyer
et al. 2003). However, it is hazardous to human health, and can leach into groundwater from the
soil (Lohmeyer et al. 2003). In the late 1990’s, over one million kg of aldicarb were applied per
year in the United States (Thelin 1998; Williams 2001; Lohmeyer et al. 2003). Temik 15G has
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since been removed from the market and is not commercially available in Mississippi. However,
an alternative form of aldicarb has been recently labeled and is available for commercial use. The
trade name of this aldicarb is AgLogic™15G (Corncob Grit formulation) and AgLogic™15GG
(Gypsum formulation) (AgLogic™ Chemical, Chapel Hill, NC).
The tarnished plant bug, Lygus lineolaris (Palisot de Beauvois), is the most important
insect pest of cotton in the midsouth region of the United States (Arkansas, Louisiana,
Mississippi, Tennessee, and Missouri). Both adult and nymph stages of this pest feed on cotton
fruiting structures including squares (flower buds) and bolls (fruit). Tarnished plant bug attacks
cotton from first square formation until the plant nears physiological maturity (Musser et al.
2009). They prefer to feed on small to medium sized squares over other plant structures (Tugwell
et al. 1976; Gore et al. 2012). The results of feeding range from abscission of squares, to
abnormal flowers, to abscission of small bolls, and damage to larger bolls (Russell 1999). The
abscission of squares normally occurs with smaller structures and results in direct yield losses
(Layton 2000; Gore et al. 2012). Tarnished plant bug at or above economic threshold levels
during the fourth week of squaring has been shown to reduce cotton yields by up to 60%
(Tugwell et al. 1976; Russell 1999). When tarnished plant bug feeds on larger squares, the
damage to flowers can negatively impact pollination resulting in abnormal bolls that abscise
within a few days (Pack and Tugwell 1976; Gore et al. 2012).
While thrips and tarnished plant bug can have an effect on yields, they can also delay
plant maturity. Some research has shown that thrips have no effect on crop maturity (Newsom et
al. 1953; Leigh 1963; Harp and Turner 1976; Parker and Huffman 1985; Ratchford et al. 1989;
Lentz and Austin 1994; Cook et al. 2011). Other research has shown significant delays in
maturity of greater than two weeks (Gaines 1934; Dunham and Clark 1937; Watts 1937b, Carter
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et al. 1989; Bourland et al. 1992; Parker et al. 1992; Cook et al. 2011). Early season thrips
damage can cause plants to become more susceptible to damage from other pests, including
tarnished plant bug, during the fruiting period of the crop (Stewart et al. 2013). Tarnished plant
bug feeding during the prebloom period can also result in delayed maturity (Musser et al. 2009).
Other studies support this and damage from tarnished plant bug during the prebloom period can
affect crop maturity, in addition to reducing yield (Tugwell et al. 1976; Hanney et al. 1977;
Layton 1995; Russell 1999). Damage from both of these pests can delay maturity, pushing
harvest to a point when temperatures are cooler adversely affecting defoliation and harvest times
(Morris 1963; Gipson and Joham 1968; Stewart et al. 2013). Currently, considerable information
exists about the individual impacts of each of these pests on cotton maturity and yield. However,
little information exists about the interactions of these pests in cotton. The purpose of this
experiment was to determine the impact thrips and tarnished plant bug, both alone and in
combination have on the maturity and yield of cotton.
Materials and Methods
To determine the compounding effects of thrips and tarnished plant bug on maturity and
yield of cotton, an experiment was conducted at the Delta Research and Extension Center in
Stoneville, MS during 2016. Plots were four, 102 cm rows wide and 12.2 m in length separated
by 3.05 m alleys. The same experiment was conducted again during 2017 in Stoneville with the
addition of a site in Starkville, MS at the R.R. Foil Plant Science Research Center. The 2017
experiment was identical to that of 2016, with the exception that plots were shortened to 6.09 m
in length. The cultivars used for this experiment was Phytogen 499 WRF (Dow AgroSciences,
Indianapolis, IN) in 2016 and Phytogen 444 WRF (Dow AgroSciences, Indianapolis, IN) in
2017. Plots were planted on 19 May, 2016 and on 15 May, 2017 in Stoneville. In Starkville, plots
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were planted on 16 May, 2017. To minimize weed pressure, preemergence applications of 0.84
kg ai/ha fluometuron (Cotoran®4L, DuPont™, Wilmington, DE), 1.37 kg ai/ha of S-metolachlor
(Dual Magnum, Syngenta Crop Protection, Greensboro, NC), and 28 g ai/ha of pyrithiobac
(Staple® LX, Dupont™, Wilmington, DE) were made immediately after planting. Furrow
irrigation was utilized in both 2016 and 2017 in Stoneville, while no irrigation was used at the
Starkville location in 2017. The experiment was arranged as a split-split plot within a
randomized complete block design with four replications. The main-plot factor was defoliation
timing. The purpose of this factor was to determine the date at which plots reached maturity.
Plots were defoliated when nodes above cracked boll (NACB) averaged fewer than five nodes.
For defoliation, a mixture of ethephon (Prep, Bayer CropScience, Raleigh, NC) and thidiazuron
(Dropp 50WP, Bayer CropScience, Raleigh, NC) was applied to individual plots that averaged
less than 5 nodes above cracked boll using a high clearance sprayer with a compressed air spray
system modified for small plot research. The sub-plot factor was tarnished plant bug
management at two levels, plant bug damaged and plant bug undamaged. All plots were
managed with insecticide applications for tarnished plant bugs beginning at pinhead square until
first flower. Insecticides used before flowering included various rates of thiamethoxam (Centric
40WG, Syngenta Crop Protection, Greensboro, NC) and sulfoxaflor (Transform WG, Dow
AgroSciences, Indianapolis, IN). When plots reached first flower, squares in the plant bug
damaged plots were manually removed by hand to 50% square retention, in order to simulate
major plant bug damage. After square removal, all plots were scouted and managed for tarnished
plant bug, as well as, other cotton pests including bollworm, Helicoverpa zea (Boddie), and
cotton aphid, Aphis gossypii (Glover) throughout the growing season using control methods in
the Mississippi State University Extension Service 2016 and 2017 Insect Control Guide for
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Agronomic Crops. Insecticides used for tarnished plant bug management included sulfoxaflor
(Transform WG, Dow AgroSciences, Indianapolis, IN), dicrotophos (Bidrin 8, Amvac Chemical
Corp., Newport Beach, CA), a tank mix of acephate (ACEPHATE 90 WDG, Loveland Products,
Loveland, CO) and bifenthrin (Brigade 2EC, FMC Corp., Philadelphia, PA), as well as
chlorantraniliprole (Prevathon, Dupont™, Wilmington, DE) for bollworm control. The sub-sub
plot factor for this experiment was thrips management at two levels, thrips protected and thrips
unprotected. Thrips protected plots had a seed treatment of Avicta Duo (Syngenta Crop
Protection, Greensboro, NC), in-furrow application of AgLogic™ Aldicarb, (AgLogic Chemical,
Chapel Hill, NC), and automatic weekly applications of acephate (ACEPHATE 90 WDG,
Loveland Products, Loveland, CO) at a rate of 0.55 kg ai/ha.
Various data were collected throughout the growing season including, thrips densities,
thrips damage ratings, vigor ratings, plant heights, nodes above white flower, nodes above
cracked boll, and yield. Thrips populations were determined by collecting plant samples in the
field, then counting adult and immature thrips in the laboratory. Five random plants from one
thrips managed plot and one unmanaged plot of each replication were cut below the cotyledons
and collected in ziplock bags and taken to the laboratory. In the laboratory, plants were washed
using a method similar to Burris et al. (1990). A bleach and soapy water solution was poured into
the bags to remove thrips from the plants. Plants were then placed on a two mm sieve which sat
on top of a funnel with a 45 μm sieve below. Plants were washed with water to remove thrips
from plants onto the smaller sieve. The contents of the smaller sieve were then poured onto a
piece of lined filter paper with a diameter of nine cm. A 70% ethanol solution was used to wash
residue from the sieve onto the filter paper. Excess ethanol was removed from the filter paper by
using a Buchner funnel and vacuum. Filter paper was then examined under a microscope to
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record numbers of adult and immature thrips. To determine the differences in plant injury of
plots that were either managed for thrips or not managed, thrips ratings were conducted. Because
thrips were either managed by one method or not managed in all plots of the experiment, several
random plots were selected in each replication and evaluated instead of every plot of the
experiment. Ratings were done on a scale of one to five, with one being little to no damage and
five being major damage and necrosis of plant tissue. Plant vigor ratings were also conducted. As
with thrips ratings, not all plots were evaluated, but vigor ratings and thrips ratings came from
the same plots as they were done at the same time. Ratings were recorded on a scale of 1-100%
with one being a non-growing plot and 100 being a plot with actively growing, healthy plants.
Plant heights were measured one time during the squaring period to determine the impact of
thrips on plant growth. A meter stick was used by placing it at the bottom of the plant and
measuring to the terminal of five random plants per plot. These five measurements were then
averaged and recorded in centimeters.
Number of nodes above white flower counts was determined for all plots during the late
flowering period as a measure of plant maturity. This was done by locating the highest main
stem branch with a first position white flower and counting the number of nodes to the terminal
(Bourland et al. 1992). Five random plants per plot were chosen and counted, the total number of
nodes counted was then averaged and the number was recorded.
To determine when plants reached physiological maturity, the number of nodes above
cracked boll counts was measured at the first observation of a cracked boll. This was
accomplished by locating the highest first position cracked boll and counting the number of
nodes above that branch to the top of the plant. These counts were made every seven days until
plots began to reach six nodes above cracked boll, then days between counts were shortened to
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every three days as plots neared four nodes above cracked boll. Regression analysis (PROC
GLM, SAS 9.4, SAS Institute Inc. Cary, NC) was used to determine the exact date that each
treatment reached nodes above cracked boll 4. In the model, Julian date was the independent
variable (x) and nodes above cracked boll was the dependent variable (y). Plots were defoliated
once they reached nodes above cracked boll 4 based on the regression analysis for each
treatment. At the end of the growing season, plots were harvested with a spindle type cotton
picker modified with a computerized weigh scale. Seed cotton weights were recorded. Lint yield
for each plots was determined by taking the seed cotton weight and multiplied by 40% to
determine final lint yield in kg/ha.
Thrips densities, thrips damage, vigor, plant heights, node above white flower, days to
nodes above cracked boll 4, and yield were analyzed with a mixed model analysis of variance
(PROC GLIMMIX, SAS 9.4, SAS Institute Inc. Cary, NC). Defoliation timing, tarnished plant
bug management, thrips management, and their interactions were considered fixed effects in the
model. Site year, replication nested in site year, replication by defoliation timing nested in site
year, and replication by defoliation timing by tarnished plant bug management nested in site year
were considered random effects in the model. Degrees of freedom were calculated using the
Kenward-Roger method. Means were calculated with LSMEANS and separated according to
Fisher’s protected LSD. Differences were considered significant at α=0.05.
Defoliation timing did not have a significant effect on any of the variables analyzed, so it
was removed from the final model.
Results and Discussion
Thrips management (F=22.94; df= 1, 7; P<0.01) had an effect on thrips populations
across all years and locations. Plots that were protected from thrips had lower thrips populations
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when compared to untreated plots (Fig. 4.1). Managing thrips had no effect on thrips damage
ratings in 2016 (F=3.04; df= 1, 94; P=0.08), however it did have an effect in 2017 (F=42.94; df=
1, 15.89; P<0.01) across all locations. Thrips protected plots had less damage compared to plots
with no thrips management (Fig. 4.2). The same results were seen with regards to vigor ratings,
as thrips management had no effect in 2016 (F=0.05; df= 1, 94; P=0.83) but did in 2017
(F=17.30; df= 1, 22; P<0.01) across all locations. Plots with no protection from thrips had lower
vigor ratings compared to those that were protected from thrips (Fig. 4.3). These results were
expected as previous research has shown that aldicarb provides sufficient control of thrips
(Hayes 1982; Lohmeyer et al. 2003). Alidcarb combined with a seed treatment and foliar
insecticide applications, reduced thrips infestations allowing plants to grow with very little
damage when compared to untreated plots.
Impact of insect management had varied effects on mean plant heights across all years
and locations. There was no thrips by tarnished plant bug interaction (F=0.01; df= 1, 262;
P=0.93) or main effect of tarnished plant bug (F=0.72; df= 1, 11; P=0.41) on mean plant heights.
Across all site years and locations, thrips management had an effect on mean plant heights
(F=28.35; df= 1, 262; P<0.01). Plants in thrips protected plots were taller than plants in the
unprotected plots (Fig. 4.4). The reduction in plant heights due to thrips injury is similar to that
observed by other researchers (Parencia et al. 1957; Burris et al. 1989, 1994, 1995; Cook et al.
2011).
There was no thrips by tarnished plant bug interaction (F=0.07; df= 1, 261.2; P=0.79) or
main effect of thrips (F=0.00; df= 1, 261.2; P=0.98) on nodes above white flower across all years
and locations. Tarnished plant bug injury had an effect on nodes above white flower across all
years and locations (F=12.88; df= 1, 20.11; P<0.01) Nodes above white flower were greater for
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plants in the tarnished plant bug damaged plots compared to plants in the undamaged plots (Fig.
4.5). This higher node count in unmanaged plots suggests that tarnished plant bug injury during
the pre-flowering stage can delay maturity in cotton. This was expected as previous research has
found that damage from tarnished plant bug during the prebloom period can result in a delay in
maturity (Black 1973; Gaylor et al. 1983; Leigh et al. 1988; Baker et al. 1993; Phelps et al. 1997;
Layton 2000; Scott and Snodgrass 2000; Teague et al. 2001; Musser et al. 2009).
In this experiment, treatment had an effect on days to NACB4 (F=10.82 df= 3, 6;
P<0.01). Thrips had no effect on cotton maturity as there was no difference in days to NACB4
when compared to the untreated control (Fig. 4.6). The lack of an effect of thrips injury on cotton
maturity is similar to that observed by previous researchers (Newsom et al. 1953; Leigh 1963;
Harp and Turner 1976; Parker and Huffman 1985; Ratchford et al. 1989; Lentz and Austin 1994;
Cook et al. 2011). However, it is contrary to results of previous research where large delays in
maturity were observed when high populations of thrips were present (Gaines 1934; Dunham
and Clark 1937; Watts 1937b, Carter et al. 1989; Bourland et al. 1992; Parker et al. 1992; Cook
et al. 2011). This could be the result of lower thrips populations due to rainfall in the weeks
following planting. Tarnished plant bug had an effect on maturity of cotton as plots that were
managed for tarnished plant bug reached NACB4 three days prior to plots that were not managed
(Figure 4.6). This was expected as similar results were observed by Musser et al. (2009). This
resulted in defoliation applications being made four days after plant bug managed plots instead
of simultaneously. Weather conditions were ideal at the time cotton plants were nearing
maturity, as average high temperatures for September through mid-October were 31.6°C (89°F)
and 30.5°C (87°F) in 2016 and 2017, respectively, compared to a five year average of 27.7°C
(82°F). At the time of defoliation, warm and dry conditions were present allowing for effective
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defoliation. In this experiment, warm and dry environmental conditions allowed plants to mature
properly and be defoliated and harvested with no problems. This is not always the case, as cooler
and wet conditions could result in a greater delay in maturity, which in turn could have a
negative impact on defoliation and harvest conditions.
There was an interaction between thrips management and tarnished plant bug
management (F=3.72; df= 1, 249.9; P=0.05) on cotton lint yield. Plots that were not damaged to
simulate tarnished plant bug feeding yielded significantly higher than plots that were damaged
(Fig. 4.7). This difference in yield was expected as feeding by tarnished plant bug results in
direct loss of fruit which in turn decreases yield. Plots that were damaged took longer to reach
maturity and suffered a yield loss. The yield loss from the later maturing thrips managed plots
and untreated control is similar to that observed in an experiment in which a later maturing
variety had a significantly higher yield loss compared to an earlier maturing variety (Adams et al.
2013). Plots in which only thrips were managed yielded significantly higher than the untreated
control (Fig. 4.7). This is similar to results from North Carolina and Virginia where thrips
management resulted in higher yields (Herbert et al. 2007; Cook et al. 2011). In this experiment,
thrips management using in-furrow aldicarb and seed treatments combined with managing
tarnished plant bug resulted in significantly higher yields.
These data suggest that managing both thrips and tarnished plant bug is important in
maintaining yield potential of cotton. These data also suggest that tarnished plant bug can delay
maturity of cotton. Weather conditions towards the end of the growing season were exceptional
with warm temperatures and dry conditions which allowed plants to fully mature in both years
allowing for compensation for thrips damage. While the number of days that plants were delayed
by tarnished plant bugs was small in this experiment, this number could increase when
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environmental conditions are not ideal. Cooler temperatures and wet conditions could slow
maturity rate and result in more costs including additional insecticide sprays and increased
defoliation applications as well as adverse harvest conditions. Growers could protect yield by
using good IPM practices along with at-planting insecticide options and supplemental foliar
applications when needed for thrips management and foliar insecticide applications for managing
tarnished plant bugs. In turn, management for plant bugs will allow plants to properly mature
throughout the growing season.
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Fig. 4.1. Impact of thrips management for mean (SEM) thrips counts on cotton across the Stoneville, MS location in 2016 and 2017
and Starkville, MS location in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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Fig. 4.2. Impact of thrips management for mean (SEM) thrips damage ratings of cotton across the Stoneville, MS location in 2016
and 2017 and Starkville, MS location in 2017. (Means with the same letter are not significantly different according to Fisher’s
Protected LSD; α=0.05).
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Fig. 4.3. Impact of thrips management for mean (SEM) plant vigor rating of cotton across the Stoneville, MS location in 2016 and
2017 and Starkville, MS location in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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Fig. 4.4. Impact of thrips management for mean (SEM) plant heights of cotton during the late squaring period across the Stoneville,
MS location in 2016 and 2017 and Starkville, MS location in 2017. (Means with the same letter are not significantly different
according to Fisher’s Protected LSD; α=0.05).
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Fig. 4.5. Impact of tarnished plant bug management on mean (SEM) nodes above white flower of cotton across the Stoneville, MS
location in 2016 and 2017 and Starkville, MS location in 2017. (Means with the same letter are not significantly different according
to Fisher’s Protected LSD; α=0.05).
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Fig. 4.6. Impact of insect management on mean (SEM) maturity date of cotton across the Stoneville, MS location in 2016 and 2017
and Starkville, MS location in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected
LSD; α=0.05).
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Fig. 4.7. Impact of insect management on mean (SEM) cotton lint yield across the Stoneville, MS location in 2016 and 2017 and
Starkville, MS location in 2017. (Means with the same letter are not significantly different according to Fisher’s Protected LSD;
α=0.05).
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CHAPTER V
SUMMARY
The overall purpose of this study was to evaluate management options for thrips
in peanut and cotton. While research is plentiful in regards to thrips infesting cotton, the
amount of research is lacking in regards to peanut. As a result of this study, more
knowledge was gained about thrips and their damage to these crops, especially peanut.
Managing thrips with insecticides in peanut, has not been a common practice
historically. Foliar insecticide applications for thrips, for the most part, have been deemed
uneconomical and unnecessary except under adverse growing conditions when injury
may hinder plant development. After completion of this research, insecticide
applications, whether made at-planting or a foliar application, for thrips management
resulted in significantly higher yields than where no insecticide application was made.
When looking at the prices of the insecticide products used in this experiment and the
market price for peanut, the yield increase from an insecticide application would pay for
the insecticide and application costs and result in additional profit for a grower.
In cotton production, insecticide applications for thrips management have varied
over the years, from in-furrow aldicarb to neonicotinoid seed treatments to foliar
applications, as well as different combinations of these three. While previous research has
shown various results in the effect thrips injury has on yield, in this research, a yield
increase was observed when thrips were managed. However, tarnished plant bug had
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more devastating effect on yields than thrips. Thrips susceptibility levels of certain
varieties could be an additional consideration when deciding what varieties a grower
decides to plant especially when planting conditions are unfavorable.
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